The C-band compact linear accelerator (linac) is being developed at Dongnam Institute of radiological & Medical Sciences (DIRAMS) for medical and industrial applications. This paper was focused on the output measurement of the electron beam generated from the prototype electron linac. The dose rate was measured in unit of cGy/min per unit pulse frequency according to the IAEA TRS-398 protocol. Exradin-A10 Markus type plane parallel chamber used for the measurement was calibrated in terms of dose to water at the reference depth in water. The beam quality index (  ) was determined by the radiochromic film with a solid water phantom approximately due to low energy electrons. As a result, the determined electron beam output was 17.0 cGy/(minㆍHz). The results were used to monitor the accelerator performance during the development procedure.
Introduction
The electron linear accelerator (linac) is widely used in the medical, industrial, and research fields. 1, 2) In radiotherapy, 4 to 18 MeV electron beams are accelerated from the radio frequency (RF) linac and X-rays generated from the accelerated electrons hitting the target were used to treat the cancer. The electron beam is applied in many industrial fields such as making new product from chemical process, removing pollutants, and sterilization.
3) The nuclear data researches using neutrons generated by high energy X-rays can also be performed in a high energy electron beam facility. 4, 5) The linac is being The output measurement of the electron beam generated from the prototype C-band electron linac is the main topic in this paper. The output, which is an important parameters for evaluating the performance of a medical accelerator, is defined as the dose rate at the reference conditions in water. Because the output is directly proportional to the average beam current, the output can be deduced by measuring the beam current during the development procedure.
The TRS-398 protocol published by IAEA was used in this study.
6) The code of practice for reference dosimetry in clinical electron beams with energies from 3 MeV to 50 MeV was provided in the protocol. The calibration factor in terms of dose to water for the Co-60 beam quality and beam quality factor was determined by applying the TRS-398 protocol. This study would be used for evaluating the linac performance during the development procedure.
Materials and Methods

Prototype linac system
The prototype electron linac system consists of accelerator guide, magnetron, wave guide, pulse modulator, and vacuum and cooling system. The C-band on-axis coupled standing wave technology designed by PAL (Pohang Accelerator Laboratory) was adapted to the accelerating structure. were performed with very low frequency pulse to avoid the high electrical power and to operate under the stable condition.
Beam quality index
In the IAEA protocol, the beam quality index for high energy electron beams was specified as the half-value depth in water,   . 6) Because the electron beam was irradiated to the horizontal direction and the expected beam energy was lower than 4 MeV, the measurement of full depth dose curve was challenging due to the thickness of the water phantom window. In addition, due to 1 mm thickness waterproof cap in a plane parallel chamber, depth dose curve containing the dose maximum could not be determined. 
Absorbed dose determination
The dose to water at the reference depth,   with a beam quality , is given by, 6 )
where   is the corrected reading of the electrometer and ) were considered. The calibrated thermometer and barometer were used to correct the air density in the chamber cavity to the reference air density.
The configuration of the accelerator, the irradiation head, and the measurement devices is shown in Fig. 1 . 8)
The prototype linac was operated by the high power RF (radio frequency) generated from the magnetron. The pulsed power of several mega-watts was supplied from the pulse modulator system through the pulse transformer. The beam currents or the beam intensities could be varied by several factors including RF power, pulsed power, and vacuum and cooling conditions due to lack of automatic control functions such as AFC (automatic frequency control) in this prototype system.
The measurements has been performed at the low pulse frequency of 5 Hz to provide the stable conditions during the measurement, although frequency can be increased up to 250
Hz. The maximum dose can be estimated by the linear relationship between the dose and the pulse frequency. The polarity, ion recombinations, and environmental conditions were applied to correct the output according to the TRS-398 protocol.
Results
The measured depth dose curve with film dosimetry for prototype electron linac was shown in Fig. 2 . The   and   were determined by depth dose curve as shown in Fig. 2 (right). According to the IAEA TRS-277 protocol, the mean energy and the most probable energy at the phantom surface for the electron beam is calculated by,
The   and   were used to determine the energy dependent parameters such as stoping power ratio at a given depth in the water phantom. The values could be used for measuring the dose at the arbitrary depth in water. However, at the particular depth   , the overall correction factor for correcting beam quality    was given in the TRS-398 protocol.
6)
The measured results were summarized in Table 1 . The raw charge measured from the chamber,   was the average val- as shown in Table 1 . The maximum electron output of 42.5
Gy/min with the pulse frequency of 250 Hz was predicted with the current linac system with optimized operation conditions and improved stability. The uncertainty estimation for the measured dose would be described in the next chapter in this paper.
Discussion and Conclusion
The output measurement of the electron beam generated from the prototype C-band electron linac was performed and the maximum output of 42.5 Gy/min was evaluated. A-type and B-type uncertainties were described in this measurements from the protocols. 6, 9) The uncertainty from the directly measured values were estimated as the A-type uncertainty by dividing a standard deviation by square root of the number of measurements. The other uncertainty elements were estimated from the literatures such as the calibration certificate of the instrument and the code of practice in the protocols. 6, 9) The total uncertainties estimated for these measurements were 2.2% as shown in Table 2 .
The prototype electron accelerating structure was designed to generate 4 MeV electron beam, but the beam energy at the exit window was difficult to measure directly. The mean energy of 2.3 MeV and the most probable energy of 3.0 MeV at the phantom surface were estimated from the depth dose curve.
Therefore the current linac generated the 75% of the expected energy and the system should be tuned further to improve the operating conditions in RF power and frequency matching between resonance frequency in accelerating cavity and RF frequency. It is important that the electron beam energy was simply obtained from the depth dose curves without a complex system such as mass spectrometer or a detector system. The MeV, because current dosimetry protocols were developed for the clinical electron beams higher than 3 MeV in most cases.
However, electron energies lower than 2 MeV were used in the industrial fields for surface processing. Therefore, the code of practice in electron beam dosimetry should be extended to lower energy electron beams, although it is not suitable for the clinical purpose. The current prototype linac system would be upgraded continuously in terms of beam energy and this study would be used for evaluating the linac performance during the development.
